In the last few years, phenotypically carbapenem resistant Acinetobacter strains have been identified throughout the world, including in many of the hospitals and intensive care units (ICUs) of Australia. Genotyping of Australian ICU outbreak-associated isolates by pulsed-field gel electrophoresis of whole genomic DNA indicated that different strains were cocirculating within one hospital. The carbapenem-resistant phenotype of these and other Australian isolates was found to be due to carbapenem-hydrolyzing activity associated with the presence of the bla OXA-23 gene. In all resistant strains examined, the bla OXA-23 gene was adjacent to the insertion sequence ISAba1 in a structure that has been found in Acinetobacter baumannii strains of a similar phenotype from around the world; bla OXA-51 -like genes were also found in all A. baumannii strains but were not consistently associated with ISAba1, which is believed to provide the promoter required for expression of linked antibiotic resistance genes. Most isolates were also found to contain additional antibiotic resistance genes within the cassette arrays of class 1 integrons. The same cassette arrays, in addition to the ISAba1-bla OXA-23 structure, were found within unrelated strains, but no common plasmid carrying these accessory genetic elements could be identified. It therefore appears that antibiotic resistance genes are readily exchanged between cocirculating strains in epidemics of phenotypically indistinguishable organisms. Epidemiological investigation of major outbreaks should include whole-genome typing as well as analysis of potentially transmissible resistance genes and their vehicles.
Acinetobacter spp. are emerging opportunistic nosocomial pathogens, with increasing prevalence worldwide. Their epidemiology is complex, and genotypic methods or a combination of genotypic and phenotypic methods are required for species identification (28) . Differentiation of Acinetobacter baumannii and Acinetobacter genomic species 3 and 13TU (the three most clinically important members of the genus) and the environmental species A. calcoaceticus is impractical in the routine laboratory, and these four species are generally grouped phenotypically as the A. calcoaceticus-A. baumannii complex. DNA fingerprinting by ApaI digestion of total DNA and pulsed-field gel electrophoresis (PFGE) is regarded as the typing method of choice for outbreak investigation and can be used to compare outbreaks in different locations when the methodology is uniform (41) 
Studies at the species level have shown that the problems of epidemic spread of antibiotic-resistant Acinetobacter strains are mostly due to bacteria belonging to the A. calcoaceticus-A. baumannii complex (3) . The potential for acquisition of transferable carbapenem resistance has long been recognized (37a) , and the adjusted mortality risk for intensive-care patients infected by carbapenem resistant Acinetobacter may be increased more than threefold (33) .
Carbapenem resistance in strains of the A. calcoaceticus-A.
baumannii complex has been associated with altered outer membrane proteins (see, e.g., references 12 and 24), modification of penicillin-binding proteins (see, e.g., reference 12), and production of carbapenem-hydrolyzing enzymes (carbapenemases) (see, e.g., references 2 and 4). The carbapenemases are divisible into the metalloenzymes (Ambler class B) and the serine-proteases (Ambler class D; OXA-type). Transmissible genes encoding metalloenzymes are found in Acinetobacter spp. and have been associated with several carbapenem-resistant outbreaks (see, e.g., references 19 and 53). However, resistance associated with serine proteases is more widespread in Acinetobacter spp. (34) . bla OXA-23 (ARI-1) was first identified in Scotland in 1995 (11) and subsequently in many different locations (6, 20, 27, 47, 52) . More recently, bla OXA-58 has also been associated with carbapenem resistance in A. baumannii in many parts of the world (34) , and minor variants of bla OXA-51 seem to be characteristic of all A. baumannii strains. The insertion sequence ISAba1 (40) has been found in association with a number of antibiotic resistance genes, including bla , bla , and bla , and it appears to provide the promoter required for gene expression (35, 39, 48) . At Westmead Hospital in Sydney, Australia, carbapenemresistant Acinetobacter began emerging about 1999, and increasing reports of similar isolates from other major cities on the Australian Eastern seaboard soon followed. Since we have collected strains from this hospital during the period 1995 to 2000, and our collection thus encompasses carbapenem-sensitive as well as -resistant strains, we were able to follow this emergence over several years. The aim of our study was to determine the genetic basis for carbapenem resistance in our intensive-care-unit (ICU) strains and to evaluate the epidemiology of transmissible genes associated with carbapenem resistance in Acinetobacter sp. strains more generally.
MATERIALS AND METHODS
Clinical samples. The Westmead (WM) sample collection consists of 177 pure cultures of Acinetobacter spp. collected from patients, mostly in the ICU, at Westmead Hospital (Sydney, Australia) between 1995 and 2000. A small number of strains were selected to represent each ApaI PFGE type and were subjected to detailed analysis, including repeat PFGE; these were renamed (e.g., WM96 for a representative isolate from 1996). Nine carbapenem-resistant Acinetobacter isolates from ICU patients at Prince of Wales (PW) Hospital (Sydney, New South Wales, Australia) and Royal Brisbane (RB) Hospital (Brisbane, Queensland, Australia) were also included (PW01a to -c and RB01 from 2001; RB02a to -e from 2002).
Strain and species identification and antibiotic susceptibility testing. After initial identification in source laboratories, Acinetobacter typing and species identification were performed at the Leiden University Medical Center (LUMC) by random amplification of polymorphic DNA (RAPD) analysis and by high-resolution genomic fingerprinting by AFLP and amplified rRNA gene restriction analysis (ARDRA). RAPD analysis for strain identification (typing) used primers M13 and DAF4 as described previously (16) . ARDRA was performed by restricting the 16S rRNA gene with CfoI, AluI, MboI, RsaI, and MspI (9) . AFLP fingerprints and the combined ARDRA restriction profiles were compared against AFLP and ARDRA libraries of reference strains in the LUMC collection, which had been identified by DNA-DNA hybridization. MICs were determined by Phoenix NMIC-ID (Becton Dickinson, NJ) and by Etest (AB Biodisk, Solna, Sweden).
Pulsed-field gel electrophoresis. Genomic DNAs of all Acinetobacter isolates were prepared in agarose blocks and digested with the restriction enzyme ApaI (New England Biolabs, MA). DNA fragments were separated by electrophoresis in a CHEF-DR III (Bio-Rad Laboratories, CA) system, and results were interpreted according to the criteria of Tenover et al. (45) .
Cell fractionation. The cell fractionation method used was modified from that of Osborne and Silhavy (31) . Logarithmic-phase cells from 100 ml of nutrient broth containing 20 g/ml ampicillin were pelleted (at 10,000 ϫ g for 20 min at 4°C) and resuspended in 1 ml of 30 mM Tris-HCl-20% sucrose (pH 8.1); then 100 l lysozyme (100 mg/ml in 0.1 M EDTA [pH 7.3]) was added, and the mixture held on ice for 30 min. After centrifugation to pellet spheroplasts (at 10,000 ϫ g for 15 min at 4°C), the supernatant, enriched for periplasmic content, was stored at Ϫ20°C. The spheroplast pellet was held at Ϫ70°C for 30 min; then it was reconstituted in 3 ml of 3 mM EDTA (pH 7.3) and sonicated at a 50% cycle for 60 s. After centrifugation (at 35,000 ϫ g for 60 min at 4°C), the supernatant (cytoplasmic extract) was stored at Ϫ20°C, and the pellet (membrane fraction) was resuspended in 1 ml of 0.25 M Tris (pH 7.5). Protein concentrations were determined using the Coomassie Plus protein assay according to the manufacturer's instructions (Pierce Biotechnology Inc., IL). Subfractions were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis to ensure uniformity and to confirm that there was no significant contamination of periplasmic extracts with cytoplasmic proteins.
Hydrolysis assay (Masuda testing). A disc assay adapted from the method of Masuda et al. (25) , as modified by Bou et al. (4) , was used for the detection of a carbapenem-hydrolyzing activity in resistant isolates. An antibiotic disc (10 g imipenem [IPM], 10 g ampicillin or 30 g aztreonam; BBL, MD) was placed at the center of a Mueller-Hinton agar plate (Oxoid, United Kingdom) spread with a sensitive Escherichia coli indicator strain. Filter discs loaded with increasing amounts (100 g, 150 g, 200 g) of the periplasmic extract or with 10 l of phosphate-buffered saline (PBS) were placed 10 mm from the antibiotic disc, within the predicted zone of inhibition, and the plate was incubated overnight at 37°C. Growth of the indicator strain within the zone of inhibition indicated hydrolysis of the antibiotic.
EDTA synergy tests. EDTA disc synergy tests were performed as previously described (23) . Briefly, test or control isolates (Klebsiella pneumoniae expressing the IMP-4 metalloprotease or carbapenem-sensitive Pseudomonas aeruginosa) suspended in 0.9% (wt/vol) saline (a McFarland standard of approximately 0.5; 1.5 ϫ 10 8 CFU/ml) were swabbed onto Mueller-Hinton plates. A disc soaked in EDTA (10 mM) was placed 10 mm from a 10-g IPM disc in the center of each plate. The IPM inhibition zone, evident after overnight incubation at 37°C, was augmented by EDTA in metalloenzyme-expressing strains.
DNA purification. Crude whole-cell lysates, made from overnight cultures of bacterial isolates by resuspending cells in 1 ml water to a 3.0 McFarland standard and incubating at 96°C for 30 min, were used as DNA templates for PCR. Genomic DNA for PCR was extracted from selected isolates using a Wizard genomic DNA purification kit (Promega). Plasmid DNA for electroporation was prepared using a Wizard Plus mini-prep kit (Promega). Plasmid DNA for profiling was prepared using a modification of published methods (21, 43) . Cells from overnight growth on horse blood agar plates were suspended in 50 l of TE buffer (10 mM Tris-HCl, 1 mM EDTA [pH 8.5]), and 200 l of lysis solution (3% [wt/vol] sodium dodecyl sulfate, 50 mM Tris [pH 12.5]) was added. After 90 min (for A. baumannii) or 60 min (for Enterobacteriaceae containing control plasmids) at 60°C, lysed mixtures were extracted with phenol-chloroform-isoamyl alcohol (25:24:1). Samples were electrophoresed through 0.6% (wt/vol) agarose in 1ϫ Tris-acetate-EDTA buffer at 100 V for 6 h, and the buffer was replaced hourly.
PCR amplification. PCR primers are listed in Table 1 . Amplification was carried out in 50-l volumes with 1ϫ reaction buffer, 1 U of Taq polymerase (Bioline, London, United Kingdom), 200 M each deoxynucleoside triphosphate, 1.5 mM MgCl 2 , 10 pmol of each primer, and 4 l of lysed cells as the template. PCR conditions generally were as follows: a hot start at 94°C for 5 min; 35 cycles of 30 s at 94°C, 45 s at either 41°C (bla GIM-1 ), 48°C (bla OXA-51 ), 50°C (ISAba1), 52°C (bla OXA-58 ), or 55°C (others), and 60 s at 72°C; and a final step of 10 min at 72°C. The intI genes of class 1 to class 3 integrons, and class 1 integron cassette arrays, were amplified as previously described (10) using the primers listed in Table 1 .
Conjugation. Transfer of plasmids to E. coli UB5201Rf, a spontaneous rifampin-resistant derivative of UB5201 (8a), was attempted using a filter mating method (adapted from reference 8). Recipient cells were harvested from overnight growth on a nutrient agar plate, and donor cells were harvested from 1 ml of an overnight culture in nutrient broth. After a wash with PBS and centrifugation, cell pellets were resuspended in 0.1 ml PBS, the suspensions were mixed, and 0.1 ml was spotted onto a nitrocellulose filter placed on a blood agar plate. Following incubation at 37°C for 4 h, cells were washed off the filter with PBS, and 0.1-ml aliquots of appropriate dilutions were spread on nutrient agar plates containing 80 g/ml rifampin (Sigma-Aldrich, MO) and 20 g/ml ampicillin (CSL Ltd.).
Electroporation. Plasmid DNA (25 ng) was mixed with 200 l of electrocompetent E. coli DH5␣ prepared by standard methods (37) , and the mixture was pulsed (25 F, 2.5 kV, 200 ⍀, 4 s). After addition of 1 ml of nutrient broth and incubation for 60 min at 37°C with shaking, the mixture was plated onto nutrient agar containing 20 g/ml ampicillin.
DNA sequencing and analysis. PCR products were sequenced using a DyeTerminator sequencer (Applied Biosystems Inc., CA) and DNA templates prepared according to the manufacturer's specifications. Sequence comparisons were carried out using BLAST searches (www.angis.org.au; www-is.biotoul.fr/).
Nucleotide sequence accession numbers. The sequences of the cassette arrays have been submitted to GenBank under the following accession numbers: PW01c (aacC1-orfP-orfQ-aadA1), EF015496; WM98a (blaP1), EF015497; WM98b (dfrA17-aadA5), EF015498; WM99c (aacC1-orfP-orfP-orfQ-aadA1), EF015498. The ISAba1-bla OXA-23 sequence from isolate WM99c has been submitted under accession no. EF015500.
RESULTS

A common phenotype in unrelated cocirculating strains.
Prior to about 1999, most clinically significant Acinetobacter isolates from Westmead Hospital were resistant to several antibiotics, including ticarcillin-clavulanate and gentamicin, commonly used in combination in this hospital, while occasional isolates were relatively antibiotic susceptible (see Table 2 for examples). From 1999, isolates that were resistant to multiple antibiotics, including the carbapenems imipenem and meropenem, began to appear. Nine isolates from Brisbane (RB) and elsewhere in Sydney (PW) collected after 1999 were also carbapenem resistant.
ApaI PFGE fingerprint analysis performed on all 177 WM isolates distinguished eight pulsotypes (I to VIII) by the criteria of Tenover et al. (45) (Fig. 1) . Three additional pulsotypes (IX to XI) were found among the nine isolates from the other two hospitals, with type X common to both sites. The differences between types VI to X were relatively minor. Pulsotypes III, IV, and V, all of which were relatively antibiotic susceptible (Table 2) , were seen rarely ( Table 3 ). The initial carbapenemsusceptible pulsotype I appeared to be gradually outnumbered by pulsotype II, although both pulsotypes were still present when the first of the carbapenem resistance pulsotypes appeared in 1999. Each of the three carbapenem resistance pulsotypes (VI to VIII) appeared to displace its predecessor within a year. Different pulsotypes thus clearly cocirculated in 
a MICs determined by Phoenix. AMK, amikacin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; CTX, cefotaxime; CAZ, ceftazidime; TIC, ticarcillin; TIM, Timentin (ticarcillin disodium/clavulanate potassium; the MIC of clavulanate potassium was 2 for all isolates tested). All strains were additionally resistant to ampicillin (MIC, Ͼ2), cephalothin (MIC, Ͼ16), and aztreonam (MIC, Ͼ16).
b For all isolates for which the IPM MIC was Ͼ8, the MICs of both IPM and meropenem were Ͼ32 by Etest. Detailed genotypic strain and species identification by RAPD, AFLP, and ARDRA was applied to selected WM isolates chosen as representative of pulsotypes that immediately predated and/or cocirculated with the initial carbapenemresistant strains (Table 4) . By using AFLP and ARDRA library typing for species identification, most of the tested isolates proved to be A. baumannii, while isolates with the rare pulsotypes III and IV corresponded to the unnamed genomic species 3 and 13TU, respectively. The carbapenem-resistant phenotype was confined to A. baumannii. The detailed comparative typing by RAPD and AFLP generally supported the ApaI PFGE typing data, apart from the carbapenem-resistant strains WM99a (pulsotype VI) and WM99b (pulsotype VII). These isolates were on the borderline of the Tenover criteria (45) for relatedness, and RAPD and ARDRA data suggested epidemiological relatedness. Indeed, taken together, the typing data suggest that WM99a (type VI) and WM99c (nominally, type VII) are minor variants of the same strain.
Of note, cluster analysis of the AFLP profiles of WM96 and WM98 (both pulsotype I) indicated Ͼ82% relatedness (generally used as the A. baumannii clone delineation level) to strains of the widespread epidemic-associated A. baumannii EU clone II (29) (data not shown).
Carbapenem-resistant isolates contain bla OXA-23 . Outer membrane protein preparations revealed no consistent difference between carbapenem-susceptible and carbapenem-resistant isolates (data not shown), suggesting that outer membrane variation is an unlikely primary explanation for the resistant phenotype. Periplasmic extracts from selected susceptible isolates hydrolyzed ampicillin, but neither imipenem nor aztreonam, in vitro (in a Masuda test). In the same assay, resistant isolates hydrolyzed both ampicillin and imipenem but not aztreonam, consistent with the presence of a periplasmic carbapenemase of the OXA type.
EDTA did not augment the imipenem susceptibilities of representative carbapenem-resistant strains from WM, PW, and RB, arguing strongly against any contribution from a metalloenzyme. No PCR products were obtained using primers to detect the genes encoding the metalloenzymes SPM-1 and GIM-1 or some of the IMP and VIM variants that are now well established (49) ( Table 1) . PCR amplification using proven primers to detect bla OXA-24 (2) and bla OXA-58 (17) indicated that neither gene was present in any of the isolates for which results are given in Table 5 . By contrast, bla was present in all carbapenem-resistant strains (n ϭ 13). Sequencing of the bla OXA-23 genes amplified from pulsotypes VII and XI (WM99c and PW3, respectively) indicated that they were both identical to the original bla OXA-23 gene (ARI-1; GenBank accession no. AJ132105) (11) .
The "forward" primer used here, and in most other published studies, to amplify the bla OXA-23 gene actually lies outside the gene itself in the insertion sequence ISAba1. Primers internal to ISAba1 (ISAba1L2 and ISAba1R2) ( Table 1) gave the expected product with all of the A. baumannii strains examined, including those that were carbapenem sensitive, but not with the 13TU or DNA group-3 strains. PCR primers ISAba1R2 and OXA23-R (Table 1 ) amplified a product that included most of ISAba1 upstream and a complete bla gene in all carbapenem-resistant strains listed in Table 5 but in none of the carbapenem-susceptible strains. Interestingly, this first bla OXA-23 sequence (ARI-1; AJ132105) differs from all other bla OXA-23 sequences in the databases, and from all those that we sequenced (e.g., WM99c; accession no. EF015500), by the absence of 7 bp (CTCTTTT) immediately adjacent to the inverted repeat of ISAba1.
All A. baumannii isolates were positive for bla OXA-51 -like genes, while bla OXA-23 was found in all carbapenem-resistant and no carbapenem-susceptible A. baumannii strains. Primers in two different locations within ISAba1 (JVFTnox and TNORF2-1), paired with a primer in bla OXA-51 (3ЈOXA51-like-all R), generated amplicons of the correct size for a direct linkage of ISAba1 upstream of bla OXA-51 in several carbapenem-resistant strains and no carbapenem-susceptible strains. However, bla OXA-51 was disrupted by a large (Ͼ1-kb) insertion in WM99c, and several carbapenem-resistant strains were negative by PCR for the ISAba1-bla OXA-51 sequence (data not shown). Thus, while the presence of an intact and complete ISAba1-bla OXA-23 sequence correlated exactly with resistance for all A. baumannii isolates examined, bla OXA-51 was massively disrupted in at least one carbapenem-resistant strain and Table 5 were tested for these features. A multiplex PCR method targeting the specific integrase genes (intI) for class 1, -2, and -3 integrons (10) failed to identify intI2 (encoding the class 2 integrase) or intI3 (class 3) in any isolate. However, intI1 was identified in all carbapenem-sensitive isolates and all but two of the carbapenem-resistant isolates (WM00 [type VIII] and RB02c [type IX]). WM00 and RB02c also failed to yield cassette array products following several attempts using published primers targeting the 5Ј-and 3Ј-conserved segments of class 1 integrons (50). Cassette arrays were found in all intI1-positive isolates except for the single representatives of types III (WM97b) and V (WM98c) and one of the pulsotype VI strains (WM99a; very closely related to WM99c) ( Table 5 ). WM97a (A. baumannii) and the unrelated WM98b (13TU) both contained the two-cassette array dfrA17-aadA5, while the other 13TU strain, WM98a, had a single cassette, blaP1 (the product of which is also known as PSE-1 or CARB-2).
A 3.1-kb amplicon was common to two almost indistinguishable carbapenem-sensitive strains (both A. baumannii, pulsotype I) and most of the carbapenem-resistant isolates (1 of 2 type VI isolates, 4 of 5 type IX isolates, and single examples of types VII and X), while PW01c (pulsotype XI) yielded a 2.6-kb amplicon. The PCR products from WW99c (3.1 kb) and PW01c (2.6 kb) were completely sequenced and found to contain closely related arrays, aacC1-orfP-orfP-orfQ-aadA1 and aacC1-orfP-orfQ-aadA1, respectively (Table 5 ). AvaI restric- tion digestion of the 3.1-kb PCR products from representatives of each relevant pulsotype resulted in identical patterns (data not shown). Plasmid profiling. Plasmid profiling has been suggested as an epidemiological marker for Acinetobacter spp. (14) , and plasmids provide efficient vehicles for transferable resistance. Electrophoresis of plasmid preparations revealed a number of high-molecular-weight plasmids, along with smaller plasmids (illustrated for selected isolates in Fig. 2 ), but none were both unique to carbapenem-resistant (bla OXA-23 -positive) strains and present in all of them. Repeated attempts to transfer a plasmid from strain WM99c into E. coli UB5201Rf by conjugation, or into E. coli DH5␣ by electroporation, with selection for ampicillin (bla OXA-23 ), were unsuccessful.
DISCUSSION
It seems likely that the carbapenem-resistant phenotype of the Australian Acinetobacter baumannii isolates that we examined is attributable primarily to the serine protease encoded by bla . This gene was consistently and uniquely associated with EDTA-independent carbapenemase activity in the periplasm for a number of distinct strains, and only the presence of ISAba1-bla OXA-23 predicted a resistant phenotype.
The presence of bla OXA-23 in a number of different pulsotypes present at different times and isolated from different hospitals implies mobility. Conjugative plasmids may be important in Acinetobacter (7), and bla OXA-23 has previously been associated with plasmid-mediated transfer into Acinetobacter junii (18, 37a) . However, other studies have suggested a chromosomal location for bla or the minor variant bla OXA-27 (2, 20) . We were unable to transfer ampicillin-resistant conjugative plasmids to E. coli, although it is not clear whether ISAba1-bla OXA-23 at low copy numbers would confer an ampicillin-resistant phenotype on E. coli (Espedido and Iredell, unpublished).
Although the bla OXA-23 gene has been always reported in the same genetic context, there is an expected reporting bias relating to the use of the primers outside the bla OXA-23 open reading frame. In all isolates examined here and in all available GenBank sequences of bla OXA-23 (AJ132105, AY795964, DQ029069, AY554200) and its variants bla OXA-27 (T162C A283G) (AF201828) and bla (GGC inserted between positions 656 and 657) (AY288523), the insertion sequence ISAba1 lies adjacent to the start of the gene. It is evident that ISAba1 is a general feature of A. baumannii (38) , and we found this insertion element to be present in all A. baumannii strains that we examined but in none of the DNA group 3 or 13TU strains.
Previous studies of bla OXA-23 -positive A. baumannii outbreaks have generally described them as clonal (6, 20, 27) . Localized expansions of successful clones are to be expected, but in these studies, isolates were collected over a limited period. Our study included a larger number of carbapenemresistant isolates that were collected over a much longer (4-year) period and revealed mini-epidemics of cocirculating, partially related or unrelated isolates, all carrying the same carbapenem resistance determinant (bla OXA-23 ), in a single ICU and in other centers. The nature and apparent ubiquity of the associated insertion element ISAba1 is such that formation of independently mobile composite transposons might be predicted. One such structure has been described recently (35a) and might help explain the establishment of bla OXA-23 and the carbapenem-resistant phenotype in successive cocirculating A. baumannii strains.
The presence of class 1 integrons has been suggested as a diagnostic marker for epidemic strains of A. baumannii (22, 47) . We detected class 1 integrons in the majority of, but not all, isolates, including species other than A. baumannii, and in the rare pulsotype V, which would not be considered epidemic. It also has been suggested that "integron typing" may provide useful information for epidemiological studies (47) , but it is important not to equate a "cassette array" with an "integron" in this context. Class 1 integrons include conserved segments that flank the variable cassette array region, as well as other components, and cassette arrays have the potential to move between integrons with different structures by homologous recombination (32) .
Cassette arrays in class 1 integrons have previously been found in strains containing bla (47) and were also present in some of the isolates examined here. Multiple sequences of the dfrA17-aadA5 and blaP1 arrays found here are available in GenBank, but there is only one recent example of blaP1 in Acinetobacter (GenBank accession no. DQ519091), and dfrA17-aadA5 has not been seen previously in this genus. The aacC1-orfP-orfP-orfQ-aadA1 and aacC1-orfP-orfQ-aadA1 cassette arrays seen here occur independently of bla , and these arrays have previously been identified in different geographic locations. However, they appear to be largely restricted to A. baumannii (1, 13, 15, 30, 36, 47, 53) , with only a single known example outside this species, in Serratia marcescens (5) .
The identification of common genetic elements (ISAba1-bla OXA-23 and the aacC1-orfP-orfP-orfQ-aadA1 cassette array) in isolates with different cocirculating pulsotypes suggests horizontal transfer, which makes it difficult to define the clonality of an outbreak; isolates with the same genetic background can acquire different accessory genetic elements, and the same element may be associated with different "clones". We believe that insightful analysis of the problem phenotype in our center was achieved with the application of a few widely used methods and required neither complex molecular biology nor extensive multicenter surveys. Whole genomic restriction followed by PFGE (ApaI PFGE) has proven a reliable epidemiological marker for Acinetobacter spp., even between centers (41). However, we believe that such epidemiological tools should be complemented by analysis of potentially mobile genetic elements, including plasmids, integrons, and cassette arrays, and elements such as ISAba1-bla , and that this may be considerably more informative.
